Abstract Recently, natural dyes and pigments gain more importance in food and textile industries because of their non toxic and eco friendly characteristics. Bougainvillea glabra floral bracts are rich in betalain pigments which can be used as a dye in sensitized solar cells, medicinal and food applications. The aim of this study was to optimize the natural pigment extraction from the floral bracts by response surface methodology. Central composite design (CCD) of response surface methodology (RSM) was applied to evaluate the optimal conditions of three process variables namely mass of floral bracts (g), extraction time (h) and temperature (°C) studied at five levels. Mass of bracts and extraction time were found statistically significant in the process and correlation coefficient (R 2 ) value of 0.96 showed that model was well fitted with the experimental values. The optimum process conditions were found to be mass of floral bracts: 3 g, contact time: 6 h and extraction temperature: 22.5°C with maximum absorbance of 9.18. Response surface methodology was performed well to identify the optimal levels of extraction process variables and the validation of predicted model was fitted 99.76% with the experimental results conducted at the optimum conditions. Fourier Transform Infrared Spectroscopy was also confirmed the presence of betalain pigment by identifying the major functional groups.
Introduction
Color of the commercial products plays a vital role to attract the consumers and also represent the quality of the products (Azeredo, 2009; Downham and Collins, 2000) . Synthetic dyes and pigments are widely used as coloring agents in industries for the production of commercial products. These coloring agents are a major pollutant that affects the soil and water sources (Eichlerova et al., 2007) . Waste water generated from textile industries containing synthetic dyes was found toxic to the aquatic eco-system (Michaels and Lewis, 1985; Vaidya and Datye, 1982) . Difficulty in treatment of textile waste water was the major issue in present days (Eichlerova et al., 2007) . To overcome this problem, researchers were involved in the development of natural dyes and pigments. Various studies were reported for natural pigments derived from plant (Strack et al., 2003; Heuer et al., 1994) and microbial sources (Chiu and Poon, 1993; Cho et al., 2002; Mukherjee and Singh, 2011) .Several plants in nature can yield pigments which can be used for many useful purposes (Feugang et al., 2006; Wu et al., 2006; Vaillant et al., 2005) . Bougainvillea is a genus of bright flowering plants belonging to the Nyctaginaceae family. Bougainvillea is a popular ornamental plant in most areas with warm climatic conditions. Bougainvillea glabra also called as paper flower having shiny green and magenta or purple colored bracts. Betalain pigments are mainly responsible for color of the bract, particularly betacyanins (Moreno et al., 2008; Piattelli, 1981) . Betacyanins are water soluble red-violet color pigment containing nitrogen in its structure (Table. 1) (Moreno et al., 2008) . The major advantages of betalain pigments are they are independent on pH and are more stable than anthocyanin pigments (Tanaka et al., 2008) . Betalain pigments are having high potential as dye sensitizer and utilized for the photoelectrochemical studies (Hernandez-Martinez et al., 2011; Zhang et al., 2008) .
Statistical optimization methods are successfully used to identify the optimal level of various parameters involved in the process. Optimization by changing one factor at a time (OFAT) was a common and well studied method but it has many disadvantages like time consuming, expensive etc. and it does not provide details about the interaction effect of the variables involved in the process (Haaland, 1989) . Response surface methodology (RSM) is a collection of statistical tool used to analyze and determine the optimal conditions within the design space of the experimental study (Myers and Montgomery, 1995) . The main advantage of using RSM is to understand the interaction among the process variables with less number of experimental runs and it is utilized well for various optimization studies (Sharmila et al., 2013; Ramandi et al., 2012; Baboukani et al., 2012) .
The main objective of the study was to determine the optimal conditions of water soluble pigment extraction process from B. glabra floral bracts using central composite design (CCD) of RSM. Mass of floral bract, contact time and temperature were chosen for the optimization study. Structural analysis of extracted pigment was also examined by FTIR.
Materials and methods

Collection of floral bracts
Fresh floral bracts were collected from B. glabra plant grown in SRM University campus. Floral bracts were cut approximately into 10 mm in size and used for extraction process.
Pigment extraction
Methanol and water in 0.5:1.5 ratio were used as solvent system for extraction process. 50 mL of the solvent was added to 250 mL Erlenmeyer flak containing known amount of the bracts according to the design (Table. 2). Flask was tightly covered by the polyethylene cover to avoid evaporation of the solvent. Flask was kept in a temperature controlled orbital shaker for appropriate time to completely extract the pigment.
Analytical method
After the extraction process, 10 mL of the solvent (contain soluble pigment) was taken in a falcon tube and centrifuged at 5000 rpm for 10 min. The supernatant was suitably diluted and absorbance was measured at 538 nm by using UV-Vis spectrophotometer.
Statistical optimization
Central composite design was used to evaluate the optimum conditions for extraction process. Statistical analysis was done by using Design Expert software 8.0.5.2. The three parameters selected were mass of petals (g), extraction time (h) and temperature (°C) and were studied at five levels (+2,+1,0,À1,À2). Nineteen experiments were carried out according to the design table given in Table. 2 and response pigment optical density (OD) was tabulated. A second order polynomial model given in (Eq. (1)) was used to fit the observed data in CCD. All the experiments were performed in triplicate to reduce the experimental errors.
where a i , a ii , and a ij are linear, quadratic and interaction effect coefficients respectively.
Results and discussion
Optimization by response surface methodology
Central composite design (CCD) of RSM was used to design the experiment and nineteen experiments were carried out according to the combination of the variables given in the design table and the observed results are given in (Table. 2).
Regression analysis and model fitting
The response, pigment OD was varied from 1.041 to 9.514 in the experimental runs. The observed experimental results in each run were subjected to multiple regression analysis to calculate the regression coefficients of the model (Eq. (1)). Calculated regression coefficients were substituted in (Eq. (1)) to obtain a model (Eq. (2)) for the extraction of water soluble pigment from bracts.
Results of the regression analysis tabulated in Table. 3, explained that linear effect of temperature (C), interaction effect of temperature with mass of bracts (AC) and time (BC), and square effect of mass of bracts (A 2 ) were found to be statistically insignificant in extract process (p > 0.05). The model for pigment extraction process was modified and represented in (Eq. (3)) by neglecting the insignificant model terms.
The linear effect of floral bract mass and time (p < 0.05), quadratic effect of extraction time (B 2 ), temperature (C 2 ) (p < 0.05), and combined effect of bract mass with time (AB) (p < 0.05) showed significance on pigment extraction. High F-test value of floral bract mass (82.04) and time (69.41) of linear effect explained that these variables contribute more on extraction than other effects. Determination coefficient (R 2 ) value near to unity denotes the quality of the good fit (Weisberg, 1985) . Determination coefficient (R 2 ) value of 0.96 revealed that the regression model was statistically significant and 0.04% of variation was not explained by the model.
Surface plots
The 3D surface plots represented in Figs. 1-3 were used to study the interaction among the variables in the process (Bas and Boyaci, 2007) . Combined effect of floral bract mass and time represented in Fig. 1 explained that the pigment absorbance was increased as the time increases and remains constant with mass of floral bracts. Similar trend was reported by Sinha et al. (2012) on natural dye extraction from petals of Flame of forest flower. Maximum absorbance of pigment (8.74) was observed at a high level of time (6 h) and bract mass (2.99 g). Fig. 2 shows the mutual effect of mass of floral bract and temperature. Pigment OD was gradually increased from low to high level of floral bract mass whereas it remain constant with the temperature. The optimal OD value of 6.658 was expected at 25.5°C and 3 h of contact time. Interaction between contact time and temperature was explained by Fig. 3 , where the high OD value (6.214) was observed when time and temperature were maintained at 6 h and 24.4°C respectively. The point prediction tool of the Design Expert software was used to identify the optimal value of the chosen process variables. Optimal values of floral bract mass (A), contact time (B) and extraction temperature (C) were found to be 3 g, 6 h and 22.5°C respectively with maximum predicted response of 9.18.
Model validation
The validation experiment for the predicted optimum conditions was performed in triplicate to check the accuracy of the model. Three grams of bract was taken in the 250 mL flask containing 50 mL of the selected solvent (methanol:water: 0.5:1.5). The flask was kept at 22.5°C for 6 h and the optical density of the extracted pigment was taken at 538 nm. The obtained optical density was found to be 9.16 which proved the model to be 99.76% accurate when compared with the predicted optical density of 9.18. This result explained that the predicted model had a good agreement with the experimental results.
FTIR analysis
The Fourier Transform Infrared (FTIR) spectral analysis was done to indentify the major functional groups present in the extracted pigment (DeSouza et al., 2003) . FTIR spectrum represented in Fig. 4 shows distinct peaks at 3394, 2953, 2842, 2527, 2148, 1651, 1451, 1412, 1115, 1018 showed the presence of (O-H) and (C"C) in stretching vibration mode respectively. The wave number 1651 cm À1 confirmed the presence of the carbonyl group (C‚O) in stretching mode associated with amide bond. The weak peak at 1451 and 1412 cm À1 suggested the presence of bending aromatic (C‚C) bond. The peaks at 1115 and 1018 cm
À1
represented the (C-O) bond and the presence of the amine group (N-H) was confirmed by the wave number 718 cm À1 in the spectrum. The presence of amine (N-H) and carbonyl (C‚O) and other functional groups confirmed that the extracted red-purple pigment from B. glabra belongs to the betacyanin group of betalains.
Conclusion
This study explained the utilization of B. glabra floral bracts for successful extraction of natural pigment. Mass of the floral bracts and extraction time play an important role to increase the efficiency of pigment extraction at higher levels. Experimental results revealed that the extraction of pigment was highly favored at low temperatures than at elevated levels. The optimum process conditions were found to be mass of floral bracts: 3 g, contact time: 6 h and extraction temperature: 22.5°C with maximum optical density of 9.18. Validation of the predicted model was fitted 99.76% with the experimental results conducted at the optimum conditions. FTIR analysis of pigment showed the presence of the nitrogen (N-H) amine group and confirmed that the extracted pigment belongs to betacyanin of betalains. Extraction optimization and characterization of water soluble red purple pigment from floral bracts
